Background and objectives The purpose of this study was to develop an understanding of treatment preferences in patients with inflammatory arthritis (IA) [rheumatoid arthritis (RA), ankylosing spondylitis (AS) and psoriatic arthritis (PsA)] focussing on treatment attributes that patients' value, their relative importance, and the risk-benefit trade-offs that characterise patients' choices around treatment. Methods A discrete choice experiment (DCE) approach was used. Attributes of interest were clinical efficacy; slowing of disease progression; risk of mild-moderate side effects; risk of severe side effects; frequency of administration; real-world product evidence; management of related conditions; and availability of a patient support programme. Using data from the DCE component, a restricted latent class model (LCM) was estimated to determine discrete 'classes' of treatment preferences.
Introduction
Patients with inflammatory auto-immune diseases such as rheumatoid arthritis (RA), ankylosing spondylitis (AS) and psoriatic arthritis (PsA) commonly experience chronic pain that negatively impacts their quality of life and functional capacity. Initially patients will be prescribed simple analgesics, such as non-steroidal anti-inflammatory drugs (NSAIDs) that can reduce symptoms of disease such as pain and inflammation [1] . Most patients progress to treatment with disease-modifying antirheumatic drugs (DMARDs) which Electronic supplementary material The online version of this article (https://doi.org/10.1007/s10067-019-04843-4) contains supplementary material, which is available to authorized users.
can delay the progression of their disease [1] . DMARDs are divided into conventional synthetic DMARDS (csDMARDs) biologic DMARDs (bDMARDs) and targeted synthetic DMARDs (tsDMARDs). Patients typically commence treatment on csDMARDs (with the exception of those where the inflammation is restricted to the spine, where csDMARDs are ineffective). If an adequate response is not obtained, treatments may be augmented or replaced with bDMARDs or tsDMARDs. The bDMARDs and tsDMARDs are associated with improved clinical outcomes, quality of life and functioning in patients with inflammatory arthritis [2] [3] [4] .
While clinical trials for treatments used in inflammatory arthritis provide useful safety and efficacy evidence, other factors such as burden of disease, impact of treatment on quality of life, and convenience of treatment are often overlooked. From a patient-centricity perspective, these factors are important to consider and may aid in shared decision-making between patients and physicians. Understanding patients' preferences for the attributes and trade-offs they are willing to accept in respect to arthritis treatment will assist in more informed decisions for future treatment options. In addition, there is evidence to suggest that patient preference and medication beliefs are associated with adherence and treatment persistence [5] . Given that adherence and treatment persistence are an important determinant of treatment outcomes, it is especially important that patient preferences are taken into account.
One method to assess patient preferences is to use a discrete choice experiment approach. DCE were first developed early last century to compare two alternatives. Since then, they have been extended through theory and modelling and are frequently used to understand preferences [6] [7] [8] . DCE are commonly used in experiments assessing patient preferences for different treatments and have been used in several therapeutic areas including arthritis [5, [9] [10] [11] [12] [13] [14] [15] . Using data from the DCE component, a restricted latent class model (LCM) can be estimated [16] . The LCM allows for preference heterogeneity, that is, different patients can have different marginal utilities or parameter weights for each of the features, which is implemented using discrete distributions. These discrete distributions are referred to as 'classes'. A LCM helped to identify potential causes of heterogeneity in treatment preferences and is considered better than traditional stratification based on observed characteristics [14] . LCM was first introduced into health studies in the mid-1990s but has been more commonly used since 2010 [14] . The class assignment model is performed simultaneously with the traditional model to identify subsets of participants with homogeneous preferences within groups and heterogeneous preferences between groups [14] . As such, preference groups (or 'classes') may be distinguished by observable characteristics such as age, sex and diagnosis or might be 'latent' (or unobservable) such as perceptions, experience and beliefs [14] .
Previous studies have been conducted to examine patient preferences in treatment choices, particularly in rheumatoid arthritis [5, [9] [10] [11] [12] . For example, in one study, no difference in preference was reported between subcutaneous and oral treatments in the Argentinian context [10] , but in Germany, patients preferred oral treatments [9] . Preference for oral treatments may be temporary, as those with experience with injections appear to have no preference for oral medication [17] . In Canada, there was heterogeneity in risk aversion [11] , and in the USA, older patients preferred etanercept over other treatment options (including methotrexate, gold injections and leflunomide) due to aversion to drug toxicity [12] . Despite these differences, patients are willing to make trade-offs: in the USA, patients with RA were willing to pay an additional USD$30.00 to use a bDMARD that has a safer short-term adverse event profile (compared to three csDMARDs with the same effectiveness) [12] .
Patient preferences may differ depending on what jurisdiction the patient lives in because the healthcare systems differ in the costs and availability of treatments and due to cultural differences. In Australia, while the costs of DMARD treatments are subsidised by the government, availability of bDMARD and tsDMARD is restricted to patients who fail conventional therapy (csDMARDs for RA/PsA, or NSAIDs for AS). It is also important to consider that the patient preferences for different treatment attributes may differ from that of the rheumatologist, the pharmacist or the rheumatology nurse [15] . In Australia, the cost of all bDMARDs and tsDMARDs are similar; therefore the out-of-pocket cost for the both the government and the patient does not vary much by treatment. Therefore, in the Australian context, other attributes aside from efficacy and cost are important, such as patient preference, and these attributes may be important when assessing the effectiveness of treatments and may impact funding decisions in a constrained healthcare system.
To date, no studies have been performed in Australia that assess the patient preferences for the attributes associated with currently available treatments for inflammatory arthritis. The purpose of this study was to develop a greater understanding of treatment preferences in patients with inflammatory arthritis focussing on tsDMARDs and bDMARDs, the specific treatment attributes that patients value, their relative importance and the risk-benefit trade-offs that characterise patients' choices around treatment options.
Methods
This study received ethics approval through Bellberry Limited (2018-02-076), and informed consent was sought from all participants prior to participation.
Discrete choice experiments
A discrete choice experiment involves a survey that asks questions about various treatment 'attributes'. This study used a discrete modelling approach to gain an understanding of the treatment preferences of patients with inflammatory arthritis. Attributes in this experiment are key characteristics of the medications, for example, efficacy or side effects. The respondent is asked to choose their preference between medications with different attributes to explore their treatment preferences. Attributes were developed using qualitative methods [18] that were guided by extensive searches of the prescribing information and of the pivotal clinical trials of the currently available DMARDs. This allowed our attributes to be important to patients and policymakers and to be capable of being traded [18] . Attributes and levels are listed in Table 1 .
Survey instrument development
The survey instrument was developed based on qualitative interviews of patients with inflammatory arthritis (AS, PsA or RA), which examined patient preference and determined the treatment attributes that contributed to decision-making. In addition, the pivotal clinical studies and prescribing information for each relevant DMARD were examined for important efficacy and tolerability aspects which enabled us to build clinically meaningful ranges of efficacy and tolerability for the DCE. Fourteen patients were interviewed (RA n = 4, AS n = 5, PsA n = 5).
The survey instrument consisted of questions on patient demographics, treatment history, comorbidities, the DCE scenarios, quality of life (using the Arthritis Impact Measurement Scales 2; AIMS2-SF) and then needle fear (measured on a 1-10 scale with higher scores indicating greater fear). An introductory section explained the survey and its content and included an explanation of the task prior to the choice sets being presented. Sixty DCE scenarios were divided into 5 blocks of 12 discrete choice tasks in which patients were asked to choose their preferred treatment for each task. The attributes of interest were clinical efficacy; slowing of disease progression; risk of mildmoderate side effects; risk of severe side effects; frequency of administration; real-world product evidence ('tried and tested'); management of related conditions; and availability of a patient support programme ( Table 2) . A labelled experimental design was used, with treatment profiles labelled as 'oral', 'injection', 'infusion' and 'none' (as an opt-out). An example DCE task is shown in Fig. 1 . The online survey was designed to take approximately 20 minutes to complete. Injection fear was measured on a 10point scale from 1 'I don't mind them' to 10 'I avoid them at all costs'.
Study sample
Patients were recruited through consumer groups including Arthritis Australia, Psoriasis Australia and the Research Now SSI (RNSSI) online consumer panel. To be eligible for the study, patients had to be aged 18 years or over with a diagnosis of AS, PsA or RA. Patients were classified as being 'biologic or targeted synthetic DMARD-naïve', that is, had never received a bDMARD or tsDMARD for the treatment of arthritis; 'biologic or targeted synthetic DMARD-qualified', that is, patients who were not currently on a bDMARD/tsDMARD but met the Australian Pharmaceutical Benefits Scheme eligibility criteria for bDMARD/tsDMARD treatment; or 'biologic or targeted synthetic DMARD-experienced', that is, patients who were currently being treated with a bDMARD/tsDMARD for treatment of arthritis. Patients were excluded if they had been diagnosed with more than one form of inflammatory arthritis (because we wanted experiences/preferences to be attributed to a single condition), worked for a pharmaceutical company, did not have access to the Internet or could not read and understand English without the need of a translator. Control measures were also implemented to minimise survey completion by non-serious/dishonest respondents, such as excluding those who indicated that they had a fabricated disease and those who did not undergo relevant diagnostic procedures to attain their arthritis diagnosis. Prior to participation, patients read a participant information sheet and provided consent online. Patients were reimbursed AUD$25 for their participation, which they could either keep or donate to Arthritis Australia. Data were collected between August and September 2018.
Analysis
Data were cleaned to remove participants who had incoherent open-text responses, who completed the survey in under 10 minutes or who opted out in all 12 of the DCE scenarios. Descriptive statistics were performed for each of the patient cohorts using SPSS v25 (IBM, NY, USA). The combinations of levels for each attribute in the DCE were designed using the techniques proposed by Rose and Bliemer [19] . A Bayesian D-efficient design with basic priors to account for the direction of each parameter was used to structure the DCE. This was implemented in Ngene v1.1.2 (ChoiceMetrics, NSW, Australia), a software tool used to generate stated choice experimental design. Use of a Bayesian D-efficient design allowed us to estimate suitable models with smaller sample sizes. Models were estimated using Nlogit 6.0 (Econometric Software Inc., NY, USA). The adjusted McFadden Pseudo R-squared was used to assess model fit. Further information can be found in the Supplemental Text. A decision support system (DSS) or dashboard was created using the model parameters. The DSS can be manipulated to provide estimates of predicted treatment uptake based on the treatment attributes examined in the DCE (the DSS can be accessed via https://cappre.shinyapps.io/Arthritis/). This can assist stakeholders in interpretation of the model and allows them to make comparisons between treatments with different treatment characteristics. Using this, we estimated patient preference for the different arthritis treatments available and the relative importance of treatment attributes on preferences for treatment. Results are presented as mean ± standard deviation, unless otherwise indicated.
Results
Of the 245 participants who completed survey, 206 were included in the analysis (AS n = 59; PsA n = 62; RA n = 85). The demographics of patients included in the DCE are reported in Table 2 . The majority of participants were female (71%), aged in their 40s or over (74%) and living in a metropolitan area (57%).
bDMARD experience and injection fear
One third of patients had bDMARD/tsDMARD experience (33%), with a smaller proportion eligible for bDMARD/ tsDMARD therapy who had not ever used these treatments (16%). Just over half of patients had never used a bMDARD/ tsDMARD (52%). Overall, injection fear was reported on a 1-10 scale as 3.47 ± 2.89. Injection fear was lower in patients who had previous experience of bDMARDs or self-injection experience (2.52 ± 2.45 and 2.40 ± 2.00, respectively), compared to those who had no experience with self-injections (3.64 ± 2.84). The greatest injection fear was held by the small number of patients who had bDMARD/tsDMARD experience but had no injection experience (3.86 ± 3.24). Given the treatments available to patients in Australia at the time of data collection, these patients were likely prescribed the tsDMARD tofacitinib. Of those with self-injection experience, just under half were never fearful of injections and are still not (49.0%), a third were fearful but are no longer (34.4%), and smaller proportions were and still are fearful of injections (11.5%) or other (5.2%). The 'other' included those who were still hesitant but were no longer fearful or those who looked forward to the injection as it gave them a sense of control.
Results of the DCE
The DCE model output is presented in Table 3 . The best fitting model was a restricted latent class model with some parameters that were non-significant in preliminary models restricted to zero. Using AIC and BIC as a criteria, the appropriate number of classes in our model was two. The classes were differentiated by the relative importance of clinical and nonclinical attributes, experience with bDMARD/tsDMARD and treatment modality preferences. Patient demographic and treatment characteristics did not predict class membership.
For 'class 1', clinical attributes that were significant across all treatment modalities were preventing disease progression, clinical efficacy, and the risk of mild to moderate side effects. Infusion frequency was important for patients with RA. Compared to patients who were bDMARD-naïve, bDMARD-experienced patients were more likely to prefer injection and infusion treatments), all else being equal. All patients (RA, AS, PsA) preferred oral treatment over no treatment (see also Section 4.3). For 'class 2', there were clinical as well as non-clinical attributes that were significant depending on the treatment modality. For all patients in this class, attributes that were significant included preventing disease progression, clinical efficacy and the availability of patient support programmes. Injection treatments that were less frequent were also a significant factor for patients. Similar to 'class 1', compared to patients who were bDMARD-naïve, bDMARD-experienced patients were more likely to prefer injection treatments, all else being equal. Further, compared to patients who were bDMARD/tsDMARD-naïve, bDMARD/tsDMARD-experienced patients were less likely to prefer oral treatments), all else being equal. All else being equal patients in class 2 with AS preferred no treatment over oral treatment, whereas patients with PsA or RA preferred oral treatment over injection and infusion treatments (see also Supplemental text)
Attribute importance
In this model, the parameter estimates cannot be directly compared as they were on different scales (e.g. clinical efficacy was measured as a continuous variable with percentage levels, and disease progression was measured as a categorical variable with a base as reference). The DSS (Fig. 2 ) was used to calculate relative attribute importance by changing from the lowest attribute level to the highest attribute level (utility) and recording the change in probabilities. These values were then compared and used to calculate the overall percentage weight that attribute contributes to changes in utility (i.e. relative attribute importance). When comparing attribute importance, it is important to note that the values were based on the levels chosen in the experiment and should be viewed in this context.
The strength of attribute importance differed by class, treatment modality and diagnosis (see Fig. 3 ). For example, in patients with RA in class 1, the relative attribute importance for oral therapies was disease progression (39.3%), clinical efficacy (36.0%) and risk of moderate side effects (24.7%). For injections, the relative attribute importance was disease progression (39.9%), clinical efficacy (37.2%) and risk of moderate side effects (23.0%). For infusions, the relative attribute importance was disease progression (38.5%), clinical efficacy (34.6%), frequency of administration (11.3%), risk of moderate side effects (11.4%) and real-world treatment evidence (4.4%); see also Fig. 3 . For patients with RA in class 2, the relative attribute importance for oral therapies was clinical efficacy Table 3 Model output for inflammatory arthritis 
Predicted treatment uptake
The LCM output was inserted into a DSS which can be used to examine the predicted treatment uptake of any treatment that can be represented by the attributes and levels included in the DCE. The DSS was developed as an interactive web-based front end using Shiny (RStudio, Boston MA, USA). Changes or differences in predicted treatment uptake can be examined by manipulating the attribute levels in the DSS and observing the resulting preference shares. For example, in Fig. 2 , the DSS was set to examine the predicted treatment uptake for a newer oral treatment (treatment available for less than 3 years) and an injection or infusion treatment (treatment available for 7 years or more) with similar clinical characteristics (70% clinical efficacy, slows disease progression and minimal side effects). The predicted treatment uptake for bDMARD-naïve patients across the different types of inflammatory arthritis is presented. An interactive DSS demonstrating results can be found at https://cappre.shinyapps. io/Arthritis/.
Discussion
Our study found that there were two discernible latent classes of patients with different patient profiles. For patients in class 1, stopping disease progression was the most important attribute, while clinical efficacy was the most important in class 2. Despite this, the top two attributes in both classes were stopping disease progression and clinical efficacy. Having previous experience with bDMARDs influenced preference for different treatment modalities within each class. For the patients in class 2, treatment frequency and the availability of patient support programmes were also important. It is somewhat unsurprising that clinical efficacy rates very highly as an attribute when considering treatment preference. Others have reported that pain is the preferred area for symptom improvement in patients with rheumatoid arthritis [20] . Needle fear is an important consideration when making treatment decisions. As bDMARDs are commonly administered as injection-based treatments, experience with injection treatment may influence patient's perceptions and preferences for different modes of treatment. Needle fear was generally low and got lower with injection experience (even though a small proportion of patients remained fearful despite injection experience). This is consistent with self-injection experience and needle fear findings in the literature [17] .
Patient support programmes, such as those available in Australia when prescribed some bDMARDs, are an attempt to increase the effectiveness of treatment strategies and are used in a variety of settings. However, the availability of contexts of these programmes vary, and to our knowledge, no Fig. 2 Predicted treatment update decision support system example systematic evaluation of their effectiveness has been undertaken in the Australian setting. Given the patient preference for treatments with certain patient support programmes, this is an area that requires further research.
Taken together, our study has shown that there is a distribution of preferences, but that clinical efficacy, disease progression, availability of a patient support programme, side effects, needle fear and frequency of administration should be discussion points when talking to patients about their treatment options. Providing patients with input into their treatment choice and factoring in their preferences, such as through shared decision-making discussions with physicians, may improve both treatment adherence and treatment persistence. Treatment adherence is poor in arthritis, ranging from 47% to 89% [5] . Improved treatment adherence and persistence may lessen some of the longer-term morbidity associated with arthritis, perhaps allowing patients to work longer and provide a societal benefit. As such, it is important that economic evaluations, which typically focus only on the health outcomes of treatment, also focus on the benefits valued by patients and by society.
In the Australian context, currently available treatments have robust clinical programmes showing similar efficacy and ability to stop disease progression, which are clearly very important to all patients. Safety profiles, although not exactly the same, are comparable. Further, in the Australian setting, unlike in other countries, there are no differences in costs or eligibility for access. That is, the costs for the system and for the patients are the same. Furthermore, in Australia, a consulting rheumatologist can request a change in treatment for any reason to any one of the other government-subsidised bDMARD/ tsDMARDs as long as the patient had demonstrated a response to the prior treatment. So, in the Australian setting at least, the differences among the products are the mode of administration, dose, frequency, real-world experience and the local level of patient support. Among these, patient support is clearly important for a class of patients. Treatment frequency is also relevant for some. It is unclear, however, what support patients actually want. There are many options available currently to patients enrolled in patient support programmes including dietary advice, exercise advice, self-injection training, appointment reminders, etc. In this study, we did not separate out the health trackers from pathology, dietary or other advices. However, results suggest that for bDMARDs treatments, a subset of patients value the inclusion of self-injection training and the availability of a nurse support line as part of a patient support programme. Our findings highlight the value patients attribute to non-clinical characteristics of treatments and warrants additional research. Use of a patient support programme would allow valuable time within the specialist consultation to be spent on improving treatment outcomes.
Practically speaking, the DSS may be useful to rheumatologists who could input the characteristics of real treatments into the DSS to better understand the predicted treatment uptake on an aggregate level across different forms of inflammatory arthritis conditions. It will also allow rheumatologists to better understand the influence of prior bDMARD/tsDMARD experience on predicted treatment uptake.
This study has some limitations. For example, convenience sampling including patients who are involved in patient organisations and research registries was used. This may bias the results to patients who are more active in their selfmanagement and rheumatology care. Other than for the type of arthritis (RA, AS, PsA), quotas were not used to ensure representativeness of the sample to Australian patients. There is potential bias for patients who chose not to participate, which may reflect a group of patients that is actually indifferent about treatment choice. Further, patient experience with bMDARD/tsDMARD was not clearly differentiated. When the survey was conducted, tsDMARDs were only just made available to patients in Australia. It is possible that all relevant attributes were not tested in our model, for example, a recent Italian study has suggested that the manner, helpfulness, efficiency and courtesy of health personnel who assist a patient during treatment and related aspects might be important [15] . This attribute was not tested.
Conclusions
This study demonstrated that patients value treatment attributes differently. While a subgroup of patients only value clinical attributes, another subgroup of patients value both clinical and non-clinical attributes. Previous experience with bDMARDs/tsDMARDs may also influence patients' preferences for treatment modalities. These findings have important implications for shared decision-making in Australia where patients have access to different bDMARDs/tsDMARDs which are clinically similar but differ in the non-clinical treatment attributes (such as treatment frequency and availability of patient support groups).
